Multibody Dynamics Simulation of an Electric Bus  by Teixeira, Ricardo R. et al.
 Procedia Engineering  114 ( 2015 )  470 – 477 
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering
doi: 10.1016/j.proeng.2015.08.094 
ScienceDirect
Available online at www.sciencedirect.com
1st International Conference on Structural Integrity
Multibody dynamics simulation of an electric bus
Ricardo R. Teixeiraa,∗, Se´rgio R. D. S. Moreiraa, S. M. O. Tavaresa
aINEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering, Porto, Portugal
Abstract
In the design stage of a bus, as well as any other road vehicles, it is important to understand its response to diﬀerent critical
maneuvers, such as curves, bumps and emergency braking. Virtual simulations can give worthwhile information and knowledge
about the behavior of these vehicles under these diﬀerent conditions, allowing faster, cheaper and more precise design. However,
numerical models of passenger buses are not straightforward due to the multiple elements that interact with each other and with
nonlinear responses, making it harder to predict their behavior to diﬀerent requests. In this case study, an electric bus dynamic
behavior was analyzed for diﬀerent conditions. This study was fundamental for design decisions since the batteries mass increases
the center of gravity,which may instigate risks of instability. Aiming a multibody dynamics study, a model in MSC ADAMS/Car
was built taking into account the dynamic interactions of the diﬀerent components. Parameters quantiﬁcation, as mass, moment of
inertia of major elements and also characteristic curves of springs, dampers, bushings and bumpstops, among others were deﬁned,
supporting the problem deﬁnition and to describe the bus behavior, understanding if the suspension elements are well chosen. This
allows to describe the bus behavior, and to understand if the suspension elements are well chosen. Mass and moments of inertia
were determined from the geometry and material density of the diﬀerent components. Through a literature review, were found
the spring characteristic curves of the spring and experimentally were measured the dampers characteristic curves. Remaining
components were characterized by standard values proposed by MSC ADAMS/Car. A sensitivity analysis showed that these
standard values have low inﬂuence in the results.
c© 2015 The Authors. Published by Elsevier Ltd.
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1. Introduction
Multibody dynamics allows a dynamic analysis of interconnected rigid and deformable components. Several me-
chanical and structural systems like vehicles, space structures, robotics mechanisms and aircraft, consist of intercon-
nected bodies that experience large translational and rotational displacements. Normally, a multibody system can
be deﬁned by an assemblage of bodies, components or substructures. The motion of the subsystem is kinematically
constrained due to diﬀerent types of joints. [1]
tehre are several solutions available for computational multibody dynamics simulations. One of the most known,
is ”MSC Adams”. Adams, stands for Automatic Dynamic Analysis of Mechanical Systems, was initially developed
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by Mechanical Dynamics Incorporation (MDI) formed by researchers who developed the base Adams code at the
University of Michigan, Ann Arbor, MI, USA, and then acquired by McNeill Schindler Corp (MSC). [2].
Adams provides a robust solution to solve mechanical systems models. The software checks the model, formulates
and automatically solves the equations of motion for kinematic, static, quasi-static and dynamic simulations. It is also
possible to optimize the model deﬁning the variables, constraints and design objectives.
For the dynamic analysis of any multibody system, the inertial, the constraining and any externally applied forces
must be kept in equilibrium. This property is the basis for the formulation of the equations of motion, which are
formulated in terms of expressions for the kinetic and potential energy of the mechanical system. So, the Euler-
Lagrange equation is fundamental for the formulation of equations of motion in Adams/Solver, the computational
engine of the software. [3]
The diﬀerence between the kinetic (T ) and potential energy (V) is given by,
L = T − V (1)
and is called the Lagrangian of the dynamical system. For multibody dynamics, the Lagrangian becomes,
L =
N∑
j=1
T j − Vj (2)
where T j and Vj are the kinetic and potential energy for each part of the N parts which compose the system.
The motion of a multibody is given by,
d
dt
(
∂L
∂q˙
)
− ∂L
∂q
+ ΦTq λ = Q (3)
where q is the column matrix of generalized coordinates,Φq is the n×m array which couples the constraints conditions
into the equation 3, and λ is the column matrix of m < n Lagrange multipliers [3].
Eq. 3represents the implementation of the laws of Lagrangian in Adams/Solver. To solve theses equations the
Newton method is used. This method leads to robust and fast simulations. [4]
2. Model description
As mentioned before the full-vehicle model is obtained assembling the set of subsystems. Some subsystems that
have been used, already existed in the Adams library (steering, tires, brakes, powertrain), although some have been
created (front and rear suspension, chassis). Up next a description of each modiﬁed subsystem will be made as well
as a description of each component of the subsystem. The origin of the entire model is in the center of mass of the
front suspension. The model that was created is similar to the one found in the article ”Model-based engineering
- simulations based design of the suspension of city bus”, by I. Kowarska et al, based on the suspension found on
Adams/Car library. [5].
2.1. Front suspension
The front suspension is an independent suspension what means that it allows each wheel to move vertically without
aﬀecting the opposite wheel [6].
The front suspension subsystem is shown in Fig. 1.
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Fig. 1: Front suspension subsytem.
Both the air spring properties as the damper and bumpstops (this component introduces stiﬀness in the suspension
when the displacement in the air spring is superior to a threshold value) are possible to edit in Adams. Fig. 2 represents
the air spring properties considering the diﬀerent levels of working pressures, Fig. 3 represents the properties of the
nonlinear damper, and Fig. 4 represents the properties of the bumpstop.
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Fig. 2: Air spring properties.
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Fig. 3: Damper properties.
2.2. Rear suspension
The rear suspension is an independent suspension, what means that wheels are mounted in the end of a rigid beam
so any movement of one wheel is transmitted to the other one.[7]
Fig. 5 represents the rear suspension subsystem.
At this point of the study both the air spring and the damper were considered the same in the front and rear
suspension. The translational and rotational properties of the tie rods are also considered and they are shown in Fig. 6
and Fig. 7, respectively.
2.3. Chassis
The chassis subsystem was also changed and is shown in Fig. 8.
The diﬀerent colourful blocks represent:
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Fig. 4: Bumpstop properties.
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Fig. 5: Rear suspension subsystem.
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Fig. 6: Translation stiﬀness properties of the tie rod.
0 2 4 6 8 10
0
50000
100000
150000
200000
250000
300000
350000
400000
450000
500000
Angular Rotation [degrees]
To
rq
ue
 [N
.m
m]
Fig. 7: Rotational stiﬀness properties of the tie rod.
• Black - chassis;
• White – distributed mass of the air conditioning;
• Yellow – distributed mass of some adjustments, in the front and in the back;
• Red – mechanical components;
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Fig. 8: Chassis subsystem.
• Green – distributed mass corresponding to passengers.
2.4. Final assembly
The ﬁnal assembly of the bus is composed by,
• Front suspension;
• Rear suspension;
• Chassis;
• Anti-roll bar;
• Brakes;
• Tires (80 kg each).
The total mass of the entire model is approximately 17145kg. The entire model is shown in Fig. 9.
Fig. 9: Full assembly of the model.
3. Results
Several simulations have been done, including,
• Static equilibrium;
• Brake from 50km/h with a deceleration of 0.3g;
• Crossing a speed bump.
3.1. Static equilibrium
Fig. 10 represents the forces supported by each air spring in static equilibrium. The front air springs do not support
the same force due to geometry asymmetries in the bus geometry. The air springs in the rear suspension the same
force as expected, because the rear suspension movement is vertical (there is no rotation).
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Fig. 10: Forces supported for the air springs in static equilibrium.
3.2. Brake from 50km/h with a deceleration of 0.3g
In this subsection the forces and displacements of the left air spring (Fig. 11) and the forces and velocity of the
left damper of the front suspension will be presented (Fig. 12). During this simulation the bus starts to break after
one second, in this moment the value of the force, both on the air spring and damper, reach the highest value. In the
case of the air spring, when the force starts to raise, the air spring compress, and for this reason the displacement and
force have opposite signals. Fig. 13 represents the force applied in the left bumpstop when the displacement of the air
spring exceeds a deﬁned threshold value. The value of the force is not proportional to the value of the displacement
or velocity, as should be expected considering the nonlinear properties of the air spring and damper shown in Fig. 2
and Fig. 3, respectively.
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Fig. 11: Force and displacement of the left spring of the front suspension.
0 1 2 3 4 5 6
−0.15
−0.1
−0.05
0
0.05
0.1
0.15
Time [s]
Ve
lo
ci
ty
 [m
/s]
−1250
−750
−500
−250
0
250
−1250
Fo
rc
e
[N
]
Fig. 12: Force and velocity of the left damper of the front suspension
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Fig. 13: Forces supported for the left bumpstop of the front suspension.
3.3. Crossing a speed bump
In this subsection, the results of the maneuver corresponding to the passage through the bump will be presented.
The maneuver was made at 15km/h and the speed bump has 30mm height and 90mm length.
Fig. 14 represents the forces applied in the left air spring of the front suspension, Fig. 15 represents the force
and velocity in the left damper of the front suspension. Fig. 16 represents the force in the left bumpstop of the
front suspension. It is possible to note one peak of force, when the front wheels cross the speed bump. In his case
the bumpstop in enabled brieﬂy. It is possible to note that the bumpstop only works on compression and when the
deformation is higher than 20mm (clearance value given by the manufacturer).
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Fig. 14: Force and displacement of the left spring of the front suspension.
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Fig. 15: Force and velocity of the left damper of the front suspension
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Fig. 16: Force and displacement of the left bumpstop of the front suspension.
4. Conclusions
Using MSC Adams, the dynamic behavior of an electric bus was modeled. This model allows to understand the
loads transmitted to bus structure under diﬀerent circumstances and to understand the impact of design decisions on
these loads in a straightforward way. Concerning to static equilibrium, it is noticed that some geometric asymmetries
induce higher loads in the left side air springs.
From all the maneuvers tested, the one that induced higher eﬀorts in the dampers is the speed bump crossing, what
was expected because in this case dampers will support a big eﬀort due to the oscillation speed. During this maneuver
the forces applied in the bumpstops are the highest ones too. The maneuver that induce a bigger eﬀort in the air
springs is the longitudinal break because during the break the deceleration will be constant till the immobilization of
the vehicle.
As future work, the forces in each component of the suspension (air spring, damper and bumpstop) should be
considered and exported to a ﬁnite elements software like abaqus to perform a structural analysis.
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